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EXECUTIVE SUMMARY 

The Department of Energy (DOE), the Envxonmental Protecoon Agency (EPA) Region 
VIII, and the Colorado Department of Health and Enwonment (CDPHE) entered mto the 
Rocky Flats Cleanup Agreement (RFCA) July 19, 1996 In October of 1996, DOE, EPA 
and CDPHE established two action levels for radionuchde contammation m surface sods 
(Radionuchde Sod Action Levels (RSALs)) Accordmg to the "Action Levels for 
Radionuchdes m Sods for the Rocky Flats, final 10/31/1996, Tier I acbon levels are 
numenc levels that, when exceeded, tngger an evaluation, remedial action and/or 
management action, given the presence of mstitubonal controls Tier I1 achon levels are 
numeric levels that, when met, do not requlre remedial action and/or msbtubonal 
controls I' The Radionuclide Sod Action Level (RSAL) Workmg Group (RWG) 
understood that settmg action levels for radionuclides was a complex process and 
changes could occur m the future that might lmpact the ongmal RSALs The RWG 
agreed to evaluate new mformation as it became avalable that might mpact the 1996 
RSALs The current RWG mission of evaluatmg new mformauon consists of five actions 
or "Tasks" Task 1 , Conduct a regulatory analysis, Task 2, Computer Model Evaluabon, 
Task 3, Parameter Evaluabon, Task 4, New Scientlfic Information, and Task 5, Cleanup 
Levels at Other Sites 

The determmation of appropnate dose h u t s  that are protecbve of the public and 
environment is identrfied m Task 1, Regulatory Analysis 

Task 2, Computer Model Evaluation (Selection) of the RSAL report descnbes the process 
that wdl be used to evaluate and select a computer model to calculate radmtion dose and 
recommend sod action levels Several computer models were candidates to calculate the 
RSALs These models mclude 1) RESRAD 6 0,2) DandD 2 0,3) Ruk Assessment 
Corporation (RAC) Code, and 4) the MEPAS/GENII/FRAMES/SUM3 package of 
computer codes These computer models were selected for consideration because they 
can assess radiation dose from sods m a probabdistic manner and they can trace the 
movement of radionucltdes m the envxonment over the 1 ,OOO-year assessment penod 
Task 2 of the RSAL report outhes the seven model selection cntena that were used to 
select the best model for determmmg RSALs at Rocky Flats It also bnefly descnbes the 
capabdities of each of the computer models chosen for assessment and evaluates each of 
the models with respect to the selection cntena. 

The conclusion reached is that RESRAD 6 0 and MEPAS/GENn/FRAMES/SUM3 are 
the computer codes that samfy all of the selection cntena and that RESRAD 6 0 was the 
better choice based on previous site use and f m h m t y  with the code 

Fmally, it should be noted that the RFCA p m e s  have agreed to also calculate RSALs on 
the basis of m k  m addition to the calculations based on dose For the vanous scenanos, 
potential RSALs wdl be calculated to nsk levels of 10-4, 10-5 and 10-6 The nsk levels 
wdl be calculated usmg the standard slope factor method that has been employed by EPA 
for over 10 years The method for performmg this type of calculation is provided m 
EPA's "Risk Assessment Guidance for Superfund (RAGS)" Volume I (1989) The 
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National Research Council first recommended this method of nsk calculation m 1983 
The EPA guidance document ‘‘Elstabl~hment of Cleanup Levels for CERCLA Sites with 
Radioactive C~ntammation,~~ OSWER No 9200 4-18, August 22, 1997, expresses an 
agency preference for usmg the RAGS approach for assessmg cancer mks The Task 3 
report wdl mclude a detded discussion on the RAGS process for calculatmg values as 
well as a hst of the equations and rationale for all  the parameters chosen for the 
calculations 
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1. Introduction 

The lack of a smgle comprehensive set of regulatory action levels for radlation, together 
with the confusion as to the status of other Federal Agency regulations and guidance for 
estabhshmg action levels, has caused uncertamty as to the action level deemed protecove 
of the pubhc and enwonment The determmation of appropnate dose h i t s  that are 
protective of the public and envronment is identlfied m Task 1, Regulatory Analysls 
Once the approprrate dose h i t  is defmed the concentrabon (typically expressed m pCdg 
m sod) which wdl result m that dose hmit must be determmed so there 1s a measurable 
means of identlfymg what sod needs to be removed to complete the cleanup A 
Radionuchde Sod Action Levels (RSALs) is a radionuclide concentraoon that, given the 
appropnate land use scenanos and site parameters, wdl reasonably ensure that mdividual 
dose hmts wdl be achieved The RSAL IS determmed by performmg a pathway analysis 
that sums the exposures from dlfferent pathways (m, mgestion of contammated 
foodstuffs, water, etc ) Usmg a computer model that calculates and sums all the doses 
from the pmary  pathways of exposure to the radionuclide does ths  

Task 2 of the RSAL report descrrbes the process that wdl be used to evaluate and select a 
computer model to calculate radntion dose and recommend sod action levels 

Analyzmg the release and migration of radionuclides through the natural enwronment, at 
a speclfic site, requlres the analyst to mterpret the nature and features of the site so that 
the site can be represented by mathematical equahons (1 e , mathematical models) Thls 
smplified representation of the site, mcludmg the associated mathematical model, is 
commonly referred to as the site conceptual model Mathematical models are a 
quantitative representation of the site conceptual model Computer models are used to 
calculate RSALs due to the complexity of calculatmg a radlation dose to numerous 
mdividuals for a range of future land uses Computer modehg is an mteractwe senes of 
questions and decisions 

Uncertamty is mherent m all dose assessment calculations and must be considered m 
decision m&mg In general, there are three prmary sources of uncertamty m a dose 
assessment, uncertamty m the models, uncertamty m the land use scenanos, and 
uncertainty m the parameters Computer models are smpldications of reahty, and m 
general, several alternative models may by consistent with the aviulable data 
Uncertamty m scenanos is the result of our lack of knowledge about the future of the site 
Parameter uncertamty results from the mcomplete knowledge of the model coefficients 
In the past, dose assessments have prmarrly mcluded the use of determmstic analyses 
The determmistic approach has the advantage of bemg relatively smple to mplement 
and easy to communicate to stakeholders However, it has a sigmficant drawback m not 
allowmg consideration of the effects of unusual combmations of snput parameters and not 
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providmg mformation on uncertamty m the results Furthermore, a determmutic analysls 
usually relied on overly conservative estunates m order to have a high assurance of not 
exceedmg any dose hmit For a determmutic dose, an average or mean of a parameter 1s 
used m a smple mathematical form controlled by multiple assumptions to determme a 
smgle dose number 

Probabdistic analysis is now regularly applied to envlronmental modehg The 
probabihstic approach IS to choose a dlstnbution of values for the most sensitive 
parameters from the model Probabilistic analyses frequently use the Monte Carlo 
method Input parameters for the models are selected randomly from probability 
dlstnbution functions These techniques consist of assiglllng a probability dlstnbution to 
each parameter that IS treated as uncertam Parameters chosen m a probabdistic manner 
wdl produce an output set of radlation dose distnbutions over tune for each radionuclide 
m each exposure scenario The use of a probabilistic approach was one brought to the 
attention of the RWG by the Risk Assessment CorporaDon m thelr review of the RSALs 
m 1999 For a probabilistic dose, a senes of parameters that have uncertam values with 
non-unlform propemes are used to produce a probable dlstnbution of dose values 
Calculabon of  radiation dose from sods at Rocky Hats wdl mvolve multiple 
radionuclides (plutonium, americium, and uranium), multiple exposure pathways 
(mgestion, mhalation and external Irradiation), and multiple exposure scenanos over a 
1,000-year penod Therefore it IS mportant that the model selected be able to calculate a 
probabihstic dose 

Several computer models were candidates to calculate the RSALs These models 
mclude 1) RESRAD 6 0, 2) DandD 2 0, 3) f i sk  Assessment Corporauon (RAC) Code, 
and 4) the MEPAS/GENII/FRAMES/SUM3 package of computer codes These 
computer models were selected for considerabon because they can assess radiabon dose 
from sods m a probabihstic manner and they can predict the movement of radionuclides 
m the envlronment over the 1,000-year assessment penod 
MMSOILS, developed by the US EPA’s Office of Research and Development, was 
considered early on m the process, but was e h a t e d  from further considerauon because 
it was not thought possible to apply it to radionuclides 

One other model, 

Task 2 of the RSAL report outhes the model selection cntena that were used to select a 
model for determmng RSALs at Rocky Flats It also bnefly descnbes the capabihties of 
each of the computer models chosen for assessment and evaluates each of the models 
with respect to the selection cntena The results and conclusions of the evaluation are 
mcluded at the end of the document 

2. Model Descrbtions 

2.1. RESRAD 6.0 

RESRAD is a computer code developed by Argonne Naaonal Laboratory for the U S 
Department of Energy to calculate site-specdic residual radioactive m a t e d  
guidelmes usmg radiation dose and radiation m k  These residual radioactive matenal 
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guidelmes can be developed on a determmlstic or probabhstic basis Residual 
radioactive m a t e d  guidelmes are equivalent to an RSAL at RFETS 

RESRAD uses a pathway analysis method m which the relation between radionuchde 
concentrations m sod and the dose to a member of a cntical population group is 
expressed as a pathway sum, which 1s the sum of products of “pathway factors ” 
Pathway factors correspond to pathway segments connectmg compartments m the 
envuonment between which radionuclides can be transported or radlation emitted 
The nme envuonmental pathway segments assessed by RESRAD are dlrect exposure, 
mhalation of particulates and radon, and mgestion of plant foods, meat, milk, aquauc 
foods, water and sod 

2.2. DandD 2.0 

DandD (Decontmmation and Decomrmssionmg) IS a computer code developed by 
the Nuclear Regulatory Commission to support decomrmssionlng under thew License 
Ternmation Rule Screemg level cleanup concentrauons are calculated by DandD 
for surface sods and buildmg surfaces usmg probabilistic analysis The DandD 
computer code software was developed usmg the envuonmental pathways and 
exposure scenmos documented m Volumes 1 and 3 of NUREGKR-5512, “Residual 
Radioactive M a t e d  From Decommsionmg ” 

DandD assesses a residential exposure scenario for sods and a buildmg occupancy 
scenmo for buddmg surfaces The buildmg occupancy scenmo relates volume and 
surface contammation levels m existmg buildmgs (presumably released followmg 
decommissionmg for unrestncted commercial or hght mdustnal use) to estmates of 
the total effective dose eqwvalent (TEDE) received dumg a year of exposure with 
the conditions defined m the scenmo The more complex and generalized residentd 
scenario 1s meant to address sites with contammation m sods and groundwater Input 
parameter distnbutions for each scenario and exposure pathway were developed 
consistent with conductmg screenmg dose assessments, mcreasmg the ldcehhood of 
overestmatmg rather than underestmatmg potenml dose 

2.3. RAC Code 

The Risk Assessment Corporation (RAC) wanted to assess exposure scenanos and 
exposure pathways m a probabilistic manner RAC also wanted to calculate the 
amount of radioactive m a t e d  m the ax dlfferently than previous RESRAD models 
Usmg RESRAD 5 82 as the baselme, RAC developed probabilstic computer codes 
and ax modelmg computer codes to generate its own computer model RAC’s 
modlfication of =RAD 5 82 provided an ax pathway calculation that W e r s  from 
that of the ongmal code Ths modlfication constitutes a departure from RESRAD‘s 
formulation, m a manner that has not been fully documented 

In February 2001, a report was prepared titled ”RESRAD AIR CALCULATIONS” by 
Radian International that compared the vmous ax pathway calculations found m 
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ddferent versions of RESRAD and the RAC Code The study was designed to identlfy 
the dlfferences m ax pathway calculations and the resultmg affect on the generation of a 
RSAL The conclusion of the report was that the dlfferent mplementabons of RESRAD 
produce dlfferent RSALs, partly due to ddferences m the ax pathway calculabons, but 
more mportantly, dlfferences due to other factors and assumptions The report states 
that "the new RESRAD formulation is based on more supportable assumptions that were 
derived usmg a well accepted dlspersion formula RAC Code's mplementaaon produces 
a i  pathway calculaoon's in the range (emphasls m e )  of new RESRAD but the 
resultmg RSALs are highly sensitive to collateral assumptions, mcludmg the location of 
the receptor, the sue  of the contammated area, and most mportantly f ie  effects " In can 
then be concluded that the RAC Code and the new RESRAD are smilar with respect to 
the a i  pathway calculations and that RESRAD 5 82 was left unchanged therefore should 
not be the decidmg cntena 

The RAC code can assess multiple exposure scenanos and exposure pathways m a 
probabihstic manner 

2.4. MEPAS/GENII/FRAMES/SUM3 

The MEPAS/GENIUFRAMES/SUM3 set of computer codes works as a unit to 
calculate radiation dose to mdividuals assocmted vvlth multiple exposure scenmos 
FRAMES is the shell m which all of the other computer codes run MEPAS and 
GENII contam the source term definition component, the fate & transport component 
and the radiation dosmetry component of the set of computer models SUM3 is the 
package that allows the use of probabilistic analysis withm the set of computer codes 
These four computer codes are further discussed m the sections below 

2.4.1. MEPAS 

The MEPAS (Multnnedia Envwonmental Pollutant Assessment System) computer 
code assesses the mpact to mdividuals from radionuclides and chemcals 111 the 
envuonment MEPAS mtegrates envlronmental transport and exposure pathways 
to determme the i  potenbal impact on the surrounding envuonment, mdividuals, 
and populations MEPAS is a determmlstic computer code that can assess 
multiple exposure pathways and exposure scenmos 

MEPAS provides a user-fnendly mterface for settmg up cases and analyzmg 
results Thls mterface provides on-lme help, units conversions, p i c t o d  depiction 
of the Conceptual Site Model, ability to reference all data, abllity to edit most 
default parameters and graphical views of mput and output data. MEPAS is 
apphcable to a wide range of multimedia transport and consequence analysls 
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2.4.2. GENII 

4 

The GENU computer code was developed at Pacific Northwest Nauonal 
Laboratory (PNNL) to mtegrate radionuchde dosmetry models with 
enwonmental pathway analysls models The resultmg second generation of 
envronmental dosmetry computer codes is compded m the Hanford 
Envronmental Dosmetry System (Generation 11 or GENII) Although the codes 
were developed for use at Hanford, they were designed with the flembility to 
accommodate mput parameters for a wide vmety of genenc sites 

The GENII system mcludes the capabilities for calculatmg radlation doses 
followmg chronic and acute releases, with options for annual dose, committed 
dose, and accumulated dose Radionuchde transport via a r ,  water, or biological 
activity may be considered GENII IS a determmisuc computer code that can 
assess multiple exposure pathways and exposure scenanos 

2.4.3. FRAMES 

FRAMES (Framework for Ruk Analysls m Multmedia Envronmental Systems) 
is a software platform used to h k  dlfferent computer codes requxed to perform 
an appropnate assessment FRAMES is an open-architecture, object-onented 
system that provides an enwonmental database This software platform ads the 
user m constructmg exposure scenanos and exposure pathways applicable to site- 
speclfic situations Furthermore, the software allows the user to choose the most 
appropnate codes to solve simulation requrements and presents graphical 
packages for analymg results 

FRAMES currently contam sockets for a collecuon of computer codes that 
smulate elements of a source, fate &transport, exposure, and mk-assessment 
system FRAMES prowde data file speclficabons that descnbe how all site 
mformation is stored withm the framework and passed between modules These 
data file speclfications are not assoclated with the model-specific mformation, 
only with the transfer of mformation between modules or other frameworks The 
envronmental transport and radlation dose computer codes currently avadable 
withm the FRAMES software platform are MEPAS and GENII SUM3 1s an 
additional computer code avadable m the FRAMES software platform that 
supports probabihtic analysis 

2.4.4. SUM3 

The FRAMES software is currently designed for determmistic enwonmental and 
human health mpact models The SensitivityAJncertmty Multimedia Modelmg 
Module (SUM3) software product was designed to allow stamtical analysis usmg 
the existmg determmtic models avadable m FRAMES withm the FRAMES 
platform SUM3 randomly samples mput vmables and preserves the associated 
output values m an external file avadable to the user for evaluation This enables 
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the user to calculate determmistic values with vanable mputs, producmg a 
stabstical disttrbution of results 

3. Model Selection Criteria 

The followmg cntena will be used to assess the capabilities of 1) RESRAD 6 0,2) 
DandD 2 0,3) RAC Code and 4) MEPAS/GENII/FRAMES/SUM3 package of computer 
codes These criteria wdl be apphed to each of the computer codes mdependently The 
computer code(s) that meets all or most of the cntena wdl be chosen for use over those 
computer models that meet few or none of the cntem T ~ I S  evaluation is not mtended to 
conclude that one model is "better" or "worse" than the others are 

These cnteria were developed after reviewmg the current hterature on computer 
modelmg and choosmg ctrtena based on the hterature In addition, the computer code 
must meet the requrements set forth m DOE order 5400 5, Chapter IV In general, the 
literature supported the use of computer models that comply with project-speclfic needs 
and that have been extensively tested 

3.1. Criteria #1- Does the model incorporate key processes from the Conceptual 
Site Model? 

The Site Conceptual Model (SCM) IS developed to illustrate how an mdividual can be 
exposed to radionuchdes m the sod (See Secbon 4, "Site Conceptual Model, Actlon 
Levels for Radionuchdes m Sods for the Rocky Flats Cleanup Agreement ' I ,  October 
31, 1996 and the "Conceptual Model for Actmide Wgration Studies at the Rocky 
Flats Environmental Technology Site", 1998, for a detded, quahtative descrrption of 
the relationship between actmide sources and transport pathways) Thls exposure 1s 
then translated by mathematical models mto a radiation dose to the mdividual due to 
mhalation, mgestion and external madiation from the radionuclides m the sods The 
radiation dose caused by a certam sod concentratlon can then be translated mto an 
RSAL 

The SCM must first show the configuration of radionuchdes m sod so that the source 
term can be adequately modeled At RFETS, the source of radionuclides m sods can 
be m either surface sods or subsurface sods Therefore, the computer model must be 
able to assess these two sod homons 

The SCM must then be able to trace the contammant from the source to the exposed 
mdividual At RFETS, the environmental transport mechanlsms that must be 
assessed are surface water runoff, surface water stream transport, m resuspension, 
leachmg m the vadose zone and ground water transport Therefore, the computer 
model must be able to assess all of these envvonmental transport mechanums 

The SCM must show all the exposure pathways through which an mdividual could be 
exposed At RFETS, the exposure pathways of mgestion of sod, mhalation of 
resuspended sods, external madiation of sods, mgestion of homegrown 
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fruits/vegetables/grams and mgestion of meat and rmlk are the exposure pathways of 
mterest at RFBTS Therefore, the computer model must be able to assess all of these 
exposure pathways 

The SCM has to mclude all the exposure scenmos assoclated with an mdividual The 
exposure scenmos of mterest at RFBTS are the mdustnal office worker, recreational 
open space user, wddhfe refuge worker, and future resident and future resident 
rancher The mdividuals associated with these exposure scenmos may be an adult, 
child or mfant Therefore, the computer model chosen to calculate the RSAL must be 
able to assess these exposure scenmos 

3.2. Criteria #2 - Does the model satisfy study objectives? 

The study objective 1s to estmate the sod concentrahon that equates to an acceptable 
radiation dose for all applicable radionuchdes over a study penod of 1,000 years 
Therefore, the chosen computer model must be able to trace a ra&onuclide through 
the envwonment to each apphcable exposure scenmo for a 1,000-year penod The 
maximum radiation dose m this penod must be calculated, and the RSAL associated 
with this maxmum concentration must be deheated It would be ideal if the 
computer code chosen would perform this calculahon automatically 

3.3. Criteria #3 - Has the model been venfied using published analytical 
equations in scientific and technical journals? 

Verdication IS the process of compmg model outputs with the solutions to 
analytical equations under the same conditions as the model was run These results 
need to be equivalent to assure that the analytical equations have been coded mto the 
model correctly The model chosen to calculate the RSAL should be verrfied 

3.4. Criteria #4 - Has the model been validated against known site conditions? 

Federal regulations (1OCFR 830, 1994) and DOE Order 5700 6C reqwe that the 
computer code be validated Vahdation IS the process o f  determmg how well the 
fate and transport model descnbes actual system behawor Vahdation of the model 
can be achieved by matchmg model output to measurements It mvolves the process 
of usmg a set of mput parameter values and boundary conditions for a cahbrated 
model to approxmate, withm an acceptable range, an mdependent set of 
measurements made under conditions similar to the model conditions The model 
chosen to calculate the RSAL should be validated 

Benchmarkmg may be considered supportmg mformation when assessmg the 
validation of a model Benchmarkmg is an exercise that conslsts of solvmg the same 
set of problems with several different computer models and c o m p m g  results 
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3.5. Criteria #5 - Does the model have the capability to satisfy study objectives 
using probabilistic analysis? 

There are two ways to assess radlation dose per the SCM requlrements The first 
method is to choose a smgle value for each mput parameter from the model Ths  1s a 
determmistic analysis Parameters chosen m a determumtic manner wlll produce a 
smgle RSAL for each radionuclide m each exposure scenmo The second method IS 
to choose a Qstnbution of values for the most sensitive parameters from the model 
This is a probabihstic analysis Probabilistic analysls IS now regularly applied to 
environmental modehg Parametnc uncertamty deals with the propagabon of 
uncertamty m parameter values through the smulations to the resultmg estmates of 
concentrations m exposure media or to dose The usual tools are Monte Carlo 
techniques These techniques conslst of assignmg a probabhty distrrbubon to each 
parameter that 1s treated as uncertam Parameters chosen m a probabdistic manner 
wlll produce an output set of radiation dose d1stnbutions over tune for each 
radionuclide m each exposure scenario The use of a probabihstic approach was one 
brought to the attention of the RWG by the Risk Assessment Corporaoon m ther 
review of the RSALs m 1999 The RWG agreed that thls approach allowed more 
flexibility 111 the choice of mput parameters and made it the fifth crrtenon The model 
chosen to calculate the RSAL would have the capability to perform a probabdlstic 
analysis 

3.6. Criteria #6 - Is the model well documented? 

Federal regulations (lOCFR 830,1994) and DOE Order 5700 6C requve that 
documentation be avadable that descnbes the model's equations, and its bass for the 
calculation Documentation for each model should mclude 1) A user's manual that 
dlscusses how to navigate through the model mterface and 2) A technical basis 
document that outhes the technical aspects (mcludmg mathematical formulations) of 
the radiological source term, the envu-onmental transport algonthms, the exposure 
pathways factors and the radlation dosmetry algonthms 

3.7. Criteria #7 - Is the model available in the public domain? 

The model will need to be available 111 the public domm Thu means that the model 
and its' documentation can be accessed either through a government agency or 
through a pnvate company There may also be a charge assoclated mth the software 
The model may not be expermental m nature and only avadable to select mdividuals 

4. Model Criteria Evaluation 

The Model Selection cntena will now be apphed to 1) RESRAD 6 0,2) DandD 2 0,3) 
RAC Code and 4) MEPAS/GENII/FRAMES/SUM3 package of computer codes 
mdependently The results of applymg these crrtena to each computer model will be 
used to select the appropnate computer code to calculate the RSAL The results of 
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applymg these model selection cntena are outhed m Table 1, “Model Selection Cntem 
Assessment,” of Section 5 0 

4.1. RESRAD 6.0 

4.1.1. Criteria #l - Does the model incorporate key processes from the Site 
Conceptual Model? 

RESRAD 6 0 can assess all aspects of the SCM apphcable at RFETS RESRAD 
6 0 can trace a contammant from its ongm m sods to an exposed mdividual 
through all apphcable exposure pathways RESRAD 6 0 can assess radionuclides 
m surface sods and subsurface sods RESRAD 6 0 can assess the exposure 
pathways of mgestion of sod, mhalation of resuspended sods, external madiation 
of sods, mgestion of homegrown fruits/vegetables/grms and mgestion of meat 
and milk RESRAD 6 0 can assess the mddustnal office worker, recreabonal open 
space user, wddhfe refuge worker, and hypothetical future resident and 
hypothetical future resident rancher exposure scenanos RESRAD 6 0 can assess 
an adult, child and mfant withm the appropnate exposure scenanos 

4.1.2. Criteria #2 - Does the model satisfy study objectives? 

RESRAD 6 0 can estmate the sod concentration that equates to an acceptable 
radiation dose for all applicable radionuclides over a study penod of 1,OOO years 
RESRAD 6 0 can trace a radionuclide through the envu-onment to each apphcable 
exposure scenmo for a 1 ,OOO-year penod The maxlfnum radiabon dose m this 
period can be calculated by RESRAD 6 0, and the RSAL assoclated with this 
maximum concentration can be dehneated by RESRAD 6 0 RESRAD 6 0 can 
perform this calculation automatically 

4.1.3. Criteria #3 - Has the model been verified using published analytical 
equations in scientific and technical journals? 

The series of RESRAD computer code has been extensively vedied Vedication 
of RESRAD has mcluded the followmg 

1 Argonne Nauonal Laboratory performed an mternal venfication of the 
RESRAD computer code usmg hand calculations before its mitial release m 
1989 

2 An mdependent verdication of RESRAD was performed m 1994 and IS 
documented m ‘Yenfication of RESRAD, A Code for Implementmg Residual 
Radioactive Matenal Guidelmes, Version 5 03,” “NUS-ARPD-94- 174, 
Halliburton NUS Corporation, June 1994 

mNAL 

3 Argonne National Laboratory is m the process of contractmg for an 
mdependent Verification of RESRAD 6 0 that should be concluded m early 
wmter 2001 
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4.1.4. Criteria #4 - Has the model been validated against known site 
con& tions? 

The RESRAD computer code has been validated Vahdation of  RESRAD is 
documented m the followmg reports 

1 Analysls of BIOMOVS I1 Uranium Ah11 Talmgs Scenmo 1 07 with the 
RESRAD Computer Code, ANUEADRM-66, Argonne Natronal Laboratory, 
August 1997 

2 Application of  the RESRAD Computer Code to VAMP Scenmo S, 
ANL/EAD/TM-70, Argonne Nauonal Laboratory, March 1997 

BIOMOVS (BIOsphenc Model Validation Study) I1 IS an mternational 
cooperative study to test models designed to quandy the envlronmental transfer 
and bioaccumulation of radionuclides and other trace substances Scenario 1 07 
of the BIOMOVS study 1s the culmmation of  numerous iteratrons among the 
members of  this worlung group m developmg a hypothetical scenmo, c o m p m g  
predictions of  the mtermediate scenarios, and refining and clanfymg the scenmo 
to m v e  at a reasonably well-defined scenmo to serve as the basis for 
companson of  determmistic predictions of  the models pmcipatmg m the study 

VAMP &&dation of Envronmental godel  Predicuons) IS an mternational 
program estabhshed by the International Atomic Energy Agency (IAEA) m 1988 
to use data from the Chernobyl fallout to test and mprove biosphenc models 
Scenmo S mvolved the prediction of the rdological consequences of  cesium- 
137 from Chernobyl-dnven fallout 111 southern Fmland 

RESRAD has been extensively benchmarked 

4.1.5. Criteria #5 - Does the model have the capability to satisfy study 
objectives using probabilistic analysis? 

RESRAD 6 0 can assess radiation dose per the SCM reqwements usmg 
determmistic and/or probabdistic analysis RESRAD 6 0 has the capability to 
choose a smgle conservatlve value for each mput parameter for the model to 
support a determmstic analysls RESRAD 6 0 also has the capabihty to choose a 
dlstribution of  values for the most sensitive parameters for the model to support a 
probabihstic analysis RESRAD 6 0 can perform sensitinty analyses so that the 
most sensitive parameters can be deheated RESRAD 6 0 has the capability to 
produce an output set of  radiation dose dlstnbuuons over tme for each 
radionuclide m each exposure scenmo 

4.1.6. Criteria #6 - Is the model well documented? 
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RESRAD 6 0 IS very well documented The followmg reports have been 
published to support the use of RESRAD 6 0 

1 Probabhtic Modules for RESRAD and RESRAD-BUILD Computer Code, 
ANL/EAD/TM-91, Argonne National Laboratory, June 2000 

2 Manual for Implementmg Residual Radioactive Material Guidehes Usmg 
RESRAD, Version 5 0, Worlung Draft For Comment, ANLBADlLD-2, 
Argonne Nabonal Laboratory, September 1993 

3 Data Collection Handbook to Support Modehg the Impacts of Radioactive 
M a t e d  m Sod, A " - 8 ,  Argonne National Laboratory, Apnll993 

4 Evaluation of the Area Factor Used m the RESRAD Code for the Estmation 
of h b o r n e  Contammant Concentrations of Fmte Area Sources, 
ANLiEAD/TM-82, Argonne National Laboratory, July 1998 

5 External Exposure Model Used m the RESRAD Code for Vmous Geometrres 
of Contammated Sod, ANL/EAD/TM-84, Argonne National Laboratory, 
September 1998 

4.1.7. Criteria #I7 - Is the model available in the public domain? 

RESRAD 6 0 IS avadable m the public domam RESRAD 6 0 and documentation 
can be accessed through the Nuclear Regulatory Commsion website at 
httD //www nrc gov/RES/rescodes htm There IS no charge associated with thu 
software The computer codes themselves can only be obtmed with special 
permission from Argonne National Laboratory 

4.2. DandD 2.0 

4.2.1. Criteria #1- Does the model incorporate key processes from the Site 
Conceptual Model? 

DandD 2 0 IS a screenmg level computer code and therefore cannot assess all 
aspects of the SCM apphcable at RFETS DandD 2 0 can trace a contammant 
from its ongm m sods to an exposed mdividual through all applicable exposure 
pathways DandD 2 0 can assess radionuclides m surface sods only and not 
subsurface sods DandD 2 0 can assess the exposure pathways of mgestion of sod, 
mhalation of resuspended sods, external madiation of sods, mgestion of 
homegrown fruits/vegetables/grams and mgestion of meat and milk DandD 2 0 
cannot assess the m d u s t d  office worker, recreaQonal open space user, wddlde 
refuge worker, and hypothetical future resident and hypothebcal future resident 
rancher exposure scenmos DandD 2 0 cannot assess an adult, chdd and mfant 
withm the appropmte exposure scenmos DandD only assesses an adult m a 
residential settmg 
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4.2.2. Criteria #2 - Does the model satisfy study objectives? 

DandD 2 0 can estmate the sod concentrabon that equates to an acceptable 
radiation dose for all apphcable radionuclides over a study penod of 1,OOO years 
DandD 2 0 can trace a radionuclide through the envuonment to each apphcable 
exposure scenmo for a 1,000-year penod DandD 2 0 can calculate the 
maximum radiation dose m ths  period, and DandD 2 0 can delmeate the RSAL 
associated with thu maximum concentration DandD 2 0 can perform thls 
calculation automatically 

4.2.3. Criteria #3 - Has the model been verified using published analytical 
equations in scientific and technical journals? 

DandD 2 0 has not been venfied m a manner that can be documented 

4.2.4. Critena #4 - Has the model been validated against known site 
conditions? 

DandD 2 0 has not been validated or benchmarked However, dumg the RSAL 
Workmg Group meetmgs m the past years DanD was compared to earher versions 
of RESRAD, but no report vahdatmg its use was pubhshed 

4.2.5. Criteria #5 - Does the model have the capability to satisfy study 
objecbves using probabilistic analysis? 

DandD 2 0 cannot assess radiation dose per the SCM reqmements per Crrtem 
#1, but DandD 2 0 has the capabdity to mcorporate determmstic and/or 
probabihstic analyses DandD 2 0 though 1s meant to be a screenmg level 
computer model that has no mputs changed and gives a conservative cleanup level 
as output DandD 2 0 has the capabdity to choose a smgle comervatwe value for 
each mput parameter for the model to support a determmtic analysls DandD 2 0 
also has the capabihty to choose a dlstribution of values for the most sensitive 
parameters for the model to support a probabihtic analysis The sensitivity 
analysis has already been performed for DandD 2 0, and dlstrrbutions of values 
have been mcorporated mto the model for the most sensitive parameters DandD 
2 0 has the capability to produce an output set of radiation dose dlstnbutions over 
tune for each radionuclide m each exposure scenano 

4.2.6. Criteria #6 - Is the model well documented? 

DandD 2 0 IS very well documented The followmg reports have been pubhshed 
to support the use of DandD 2 0 

1 Residual Radioactive Contammation From Decommissionmg Technical 
Basis for Translatmg Contammation Levels to Annual Effective Dose 
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Equivalent, Fmal, Volume 1, NUREG/CR-55 12, US Nuclear Regulatory 
Commission, October 1992 

2 Residual Radioactive Contammation From Decomsionlng User’s Manual, 
Draft, Volume 2, NUREGKR-55 12, US Nuclear Regulatory Commssion, 
May 1999 

3 Residual Radioactive Contammation From Decommmionmg Parameter 
Analysis, Draft, Volume 3, NUREGKR-5512, US Nuclear Regulatory 
Commission, A p d  1996 

4.2.7. Criteria W - Is the model available in the public domain? 

DandD 2 0 IS avadable m the pubhc d o m m  DandD 2 0 and its’ documentahon 
can be accessed through the Nuclear Regulatory Commssion website at 
http //www nrc gov/RES/rescodes htm There IS no charge associated with thu 
software 

4.3. RAC Code 

4.3.1. Criteria #1-  Does the model incorporate key processes from the Site 
Conceptual Model? 

RAC Code can assess all aspects of the SCM apphcable at RFETS RAC Code 
can trace a contammant from its ongm m sods to an exposed mdividual through 
all apphcable exposure pathways RAC Code can assess radionuclides m surface 
sods and subsurface sods RAC Code can assess the exposure pathways of 
mgestion of sod, mhalation of resuspended sods, external madiation of sods, 
mgestion of homegrown fruits/vegetables/grms and mgestion of meat and milk 
RAC Code can assess the mdustnal office worker, recreaaonal open space user, 
wddllfe refuge worker, and hypothetical future resident and hypothehcal future 
resident rancher exposure scenmos RAC Code can assess an adult, child and 
mfant withm the appropriate exposure scenarios 

4.3.2. Criteria #2 - Does the model satisfy study objectives? 

RAC Code can estmate the sod concentrahon that equates to an acceptable 
radiation dose for all applicable radionuclides over a study penod of 1,OOO years 
RAC Code can trace a radionuclide through the enwonment to each apphcable 
exposure scenmo for a 1,000-year penod The RAC Code can calculate the 
maximum radiation dose m this penod 

4.3 3. Criteria #3 - Has the model been verified using published analytical 
equations in suentific and technical journals? 

RAC Code has not been venfied as a set of computer codes The RESRAD 
baselme portion of  RAC Code that has not been modlfied has been venfied, but 
the RAC generated computer code has not been veniied The documentauon 
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listed m Cntena #3 for RESRAD 6 0 are apphcable to thls version of RESRAD 
The RAC generated portion of RAC Code has not been venfied ln a manner that 
can be documented 

4.3.4. Cnteria #4 - Has the model been validated against known site 
conditions? 

RAC Code has not been validated as a set of computer codes The RESRAD 
baselme pomon of RAC Code that has not been modlfied has been vahdated, but 
the RAC generated computer code has not been validated The documentahon 
luted m Cntena #4 for RESRAD 6 0 are apphcable to thls version of RESRAD 
The RAC generated pomon of RAC Code has not been vahdated 

RAC Code has not been benchmarked as a set of computer codes The RESRAD 
portion of RAC Code that has not been modlfied has been benchmarked though 
(See RESRAD 6 0, Cntena #4) 

4.3.5. Cnteria #5 - Does the model have the capability to satisfy study 
objectives using probabilistic analysis? 

RAC Code can assess radiation dose per the SCM requsrements usmg 
determmrstic and/or probabllutic analysls RAC Code has the capabihty to choose 
a smgle conservative value for each mput parameter for the model to support a 
determuustic analysis RAC Code also has the capability to choose a dlstnbution 
of values for the most sensitive parameters for the model to support a probabilistic 
analysis RAC Code can perform sensitiwty analyses so that the most sensitive 
parameters can be deheated by usmg RESRAD 5 82 only RAC Code, as 
presented, does not appear to have the capability to produce an output set of 
radmtion dose drstnbutions over tune for each radionuclide m each exposure 
scenmo 

4.3.6. Criteria #6 - Is the model well documented? 

RAC Code u not a well-documented set of computer codes The RESRAD 
baselme pomon of RAC Code that has not been modlfied 1s very well 
documented, but the RAC generated computer code is not well documented The 
documentahon hsted m parts 2 through 5 of Cntem #6 for RESRAD 6 0 are 
apphcable to this version of RESRAD RAC Code is only documented through a 
1 5 page README file that comes with the code RAC Code is also documented 
through comments withm the raw computer codlng Thls README file with the 
raw computer code comments is msufficient to rn the RAC Code computer 
model 

18 

Ib- 



4.3.7. Criteria ##7 - Is the model available in the public domain? 

RAC Code IS avadable m the public domam RAC Code and its’ documentauon 
can be obtmed through the Rocky Flats Citlzens Advisory Board There 1s no 
charge associated with thB software 

4.4. MEPAS/GENIUFRAMES/SUM3 

4.4.1. Criteria # 1 -  Does the model incorporate key processes from the Site 
Conceptual Model? 

MEiPAS/GENII/FRAMES/SUM3 can assess all aspects of the CSM apphcable at 
RFETS MEPAS/GENII/FRAMES/SUM3 can trace a contarmnant from its ongm 
m sods to an exposed mdividual through all applicable exposure pathways 
MEPAS/GENII/FRAMES/SUM3 can assess radionuclides m surface sods and 
subsurface sods MEPAS/GENII/FRAMES/SUM3 can assess the exposure 
pathways of mgestion of sod, mhalation of resuspended sods, external madiation 
of sods, mgestion of homegrown fruits/vegetables/grams and mgestion of meat 
and milk MEPAS/GENII/FRAMES/SUM3 can assess the rndusttral office 
worker, recreational open space user, wddlife refuge worker, and hypothebcal 
future resident and hypotheucal future resident rancher exposure scenanos 
MEPAS/GENII/FRAMES/SUM3 can assess an adult, chdd and mfant withm the 
appropnate exposure scenmos 

4.4.2. Criteria #2 - Does the model satisfy study objectives? 

MEPAS/GENII/FRAMES/SUM3 can estmate the sod concentration that equates 
to an acceptable radiation dose for all apphcable radionuclides over a study penod 
of 1,OOO years MEPAS/GENII/FRAMES/SUM3 can trace a radionuchde through 
the envlronment to each apphcable exposure scenmo for a 1,OOO-year penod 
The maximum radiation dose m thls penod can be calculated by 
MEPAS/GENII/FRAMES/SUM3, and the RSAL associated wth thu maximum 
concentration can be deheated by MEPAS/GENII/FRAMES/SUM3 

4.4.3. Criteria #3 - Has the model been verified using published analytical 
equations in scientific and technical journals? 

The MEPAS/GENII/FRAMES/SUM3 computer code has been extensively 
venfied Vedicabon of MEPAS/GENII/FRAMES/SUM3 has mcluded the 
followmg 

1 Test Plan and Baselme Testmg Results for the MEPAS 4 1 - Computed 
Source Term Release Module, Paclfic Northwest National Laboratory, R 
Tma, December 1999 

FINAL 19 

ib _i * . .  

July 2001 



Test Plan and Baselme Testmg Results for the MEPAS 4 1 - Vadose Zone 
Transport Module, Paclfic Northwest Naaonal Laboratory, J McDonald, 
December 1999 
Test Plan and Baselme Testmg Results for the MEPAS 4 1 - Saturated Zone 
(Aqulfer) Transport Module, Paclfic Northwest National Laboratory, J 
McDonald, December 1999 
Test Plan and Baselme Testmg Results for the MEPAS 4 1 - Surface Water 
(Non-Tidal River) Transport Module, Paclfic Northwest National Laboratory, 
J McDonald, December 1999 
Test Plan and Baselme Testmg Results for the MEPAS 4 1 - Atmosphem 
Transport Module, Paclfic Northwest Nabonal Laboratory, J McDonald & C 
Fosmue, December 1999 
Test Plan and Baselme Testmg Results for the MEPAS 4 1 - Chronic 
Exposure Module, Paclfic Northwest Nabonal Laboratory, R Taxa & S 
Snyder, December 1999 
Test Plan and Baselme Testmg Results for the MEPAS 4 1 - Intake Module, 
Paclfic Northwest National Laboratory, R Trura, December 1999 
Test Plan and Baselme Testmg Results for the MEPAS 4 1 - Human Health 
Impact Module, Paclfic Northwest Nauonal Laboratory, R Taxa, December 
1999 
GENII “Conversion Testmg, Verfication, and Vahdation of Software” plan 
listmg 42 tests performed as of 2/7/1989, Napier, 1990 

10 Handcalculations performed to support acute models m GENII, Sawyer, L H , 
T A. Ikenberry, 1991 

11 Hand Calculations performed on GENII to support NPR-EIS program, 
Nelson, I C , L H Sawyer, T A Ikenberry 1990 

12 GENII Hand Calculation Worksheets, version of February 2, 1994, Peloqum, 
RA., 1994 

13 Test Plan and Baselme Testmg Results for the FRAMES User Interface, 
Paclfic Northwest National Laboratory, R Tiara, December 1999 

14 Test Plan and Baselme Testmg Results for the FRAMES Viewers, Paclfic 
Northwest National Laboratory, R Lundgren, December 1999 

15 Test Plan and Baselme Testmg Results for the FRAMES User Defined Source 
Module, Paclfic Northwest Nahonal Laboratory, M Eshger, August 1999 

16 Test Plan and Baselme Testmg Results for the FRAMES User Defined Water 
Transport Module, Paclfic Northwest National Laboratory, M Eshger, 
August 2000 

17 Test Plan and Baselme Testmg Results for the FRAMES User Defined Ar 
Transport Module, Paclfic Northwest Naaonal Laboratory, M Eshger, 
August 2000 

18 Test Plan and Baselme Testmg Results for the FRAMES User Defined 
Exposure Pathway Module, Paclfic Northwest National Laboratory, M 
Eslmger, August 2000 

19 Test Plan and Baselme Testmg Results for the Sensitivity/ Uncertamty 
Multunedia Modehg Module (SUM3) Paclfic Northwest National 
Laboratory, R Taxa, September 2000 
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20 An Approach to Ensumg Quality In Envrronmental Software, PNNL-11880, 
Paclfic Northwest Nabonal Laboratory, G M Gelston, R E Lundgren, J P 
McDonald, B L Hoopes, May 1998 

4.4.4. Criteria #4 - Has the model been validated against known site 
conditions? 

The MEPAS & GENII computer codes have been extensively validated 
Vahdations of  MEPAS & GENII are documented m the followmg reports 

A Demonstration of the Apphcability of  Implementmg the Enhanced 
Remedial Action Priorrty System (RAPS) for Envrronmental Releases, PNL- 
7102, Paclfic Northwest Naoonal Laboratory, G Whelan, J G Droppo, D L 
Strenge, M B Walter, J W Buck, December 1989 
Summary Technical Review of the Multmedia Envlronmental Pollutant 
Assessment System (MEPAS), Prepared for the Office of  Federal Facdities 
Enforcement, US EPA, ICF Incorporated, November 199 1 
Vahdation of Models usmg Chernobyl Fallout Data from the Central Bohemia 
Region of  the Czech Repubhc Scenmo CB (GENII Vahdation), IAEA- 
TECDOC-795, Flrst Report of the VAMP Multiple Pathways Assessment 
Workmg Group, Internabonal Atomic Energy Agency, 1995 
A Compmson of Enwonmental Radionuchde Concentrabons Calculated by a 
Mathematical Model with Measured Concentrabons (GENII Vahdation), 
PNL-SA-14720, In Proceedmgs of ANS Topical Conference on Population 
Exposure from the Nuclear Fuel Cycle Oak Ridge, Tennessee Jaquish, R E ,  
andB A Napier 1987 

MEPAS & GENII have been extensively benchmarked 

4.4.5. Criteria #5 - Does the model have the capability to satisfy study 
objectives using probabilistic analysis? 

MEPAS/GENII/FRAMES/SUM3 can assess radiation dose per the CSM 
requlrements usmg d e t e m s t i c  and/or probabilmc analysis 
MEPAS/GENII/FRAMES/SUM3 has the capabdity to choose a smgle 
conservative value for each mput parameter for the model to support a 
determmistic analysis MEPAS/GENII/FRAMES/SUM3 also has the capability to 
choose a dlstnbution of values for the most sensitive parameters for the model to 
support a probabilistic analysis MEPAS/GENWFRAMES/SUM3 can perform 
sensitivity analyses so that the most sensitive parameters can be deheated 
MEPAS/GENIVFRAMES/SUM3 does have the capability to produce an output 
set of radiation dose distnbutions over tune for each radionuclide m each 
exposure scenano 
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4.4.6. Criteria #6 - Is the model well documented? 

MEPAS/GENIUFRAMES/SUM3 1s very well documented The followmg 
reports have been publuhed to support the use of 
MEPAS/GENII/FRAMES/SUM3 

Multmedia Envronmental Pollutant Assessment System (MEPAS) Guidance, 
Guidelmes for Evaluatmg MEPAS Input Parameters for Version 3 1, Paclfic 
Northwest Laboratory, June 1997 
Multmedia Enmonmental Pollutant Assessment System (MEPAS) 
Formulations, Compilation of Mathematical Formulations for MEPAS 
Version 3 2, Paclfic Northwest Nauonal Laboratory, February 1997 
GENII Version 2 User's Guide, Paclfic Northwest National Laboratory, 
January 1999 
GENII Version 2 Software Design Document, Paclfic Northwest Nabonal 
Laboratory, January 1999 
Concepts of a Framework for Rwk Analysu 111 Multimedia Envnonmental 
Systems (FRAMES), Paclfic Northwest Nabonal Laboratory, October 1997 
GENII Version 2 SensitivityAJncertamty Multmedia Modehg Module 
User's Guidance, Draft, Paclfic Northwest NaQonal Laboratory, December 
1998 
SensitivityAJncertamty Multmedia Modehg Module (SUM3) User's Guide, 
Paclfic Northwest Nabonal Laboratory, 
http //mepas pnl gov 2080/eartb/sum3/sum3ue/sum~u~ htm 

4.4.7. Criteria #7 - Is the model available in the public domain? 

MEPAS/GENII/FRAMES/SUM3 IS avadable m the public domam 
MEPAS/GENII/FRAMES/SUM3 and documentauon can be accessed through the 
Paclfic Northwest National Laboratory website at http //mepas.pnl EOV, 
2080/earth/earth htm There is no charge assoclated urlth this software for 
Department of Energy contractors There IS a charge for these computer models 
and documentation to the general public 

5. Conclusions 

RESRAD 6 0 and MEPAS/GENII/FRAMES/SUM3 are the computer codes that satufy 
all of the selection ctlteria Therefore RESRAD 6 0 and 
MEPAS/GENII/FRAMES/SUM3 may be used to calculate RSALs at RFETS Both of 
these computer models would produce accurate results for Rocky Flats parameters If 
selected Results from usmg RESRAD 6 0 would be drectly comparable to the results of 
past calculations of RSALs at the Site Smce RESRAD has prewously been used at 
RFETS to denve RSALs and the Public reviewmg the RSALs IS familrar with RESRAD, 
RESRAD 6 0 should be used to calculate RSALs at RFETS 
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Table 1, “Model Selection Cntem Assessment,” outhes each of the four computer 
models with the model selection cntem 

Also, as noted m the mtroduction, the RFCA p m e s  have agreed to calculate a matm of 
potential RSALs usmg various scenanos, which fit m the mk range of lo4, 
The m k  levels will be calculated usmg the standard slope factor method that has been 
employed by EPA for over 10 years The method for performmg this type of calculation 
is provided m EPAs “Rnk Assessment Gwdance for Superfund (RAGS)” Volume I 
(1989) The Task 3 report descnbes the RAGS process, results and h t s  all equations and 
parameters used for the spreadsheet calculations 

and 
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TABLE 1 
MODEL SELECTION CRITERIA ASSESSMENT 

Computer 
Model 

Selection 
Criteria 

vs 

RESRAD 6.0 DandD 2.0 

Criteria #3 

Cntena #4 

Criteria #5 

Criteria #6 

RAC Code 

YES NO 

YES NO 

YES NO 

YES YES 

FRAMES 
MEPAS 
GENII 
SUM3 

NO 

NO 

NO 

NO 

NO I YES I YES I I Criteria #1 

YES 

YES 

YES 

YES 

Criteria #2 

Cntena #7 

YES 

YES YES YES YES 

YES NO YES 
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